INTRODUCTION
The incidence of cutaneous malignant melanoma (CMM) has increased in Western countries over the past five decades. 1 Although ultraviolet radiation (UVR) exposure is the main risk factor, the effect of UVR exposure during infancy on CMM risk in later life is unknown.
Previous studies have reported that childhood sun exposures are a strong determinant of CMM risk in later life but have not specifically examined exposures in infancy. [2] [3] Recent evidence that UVR-related pigmentation begins in the first summer of life 4 has suggested that solar UVR exposures in infancy may play an important role in the development of CMM, particularly in susceptible populations that lack the protective effect of high skin melanin concentration. [5] [6] Direct assessment of UVR exposures on the individual level is usually infeasible in cohorts that
are sufficiently large to test this hypothesis. However, season of birth is a useful proxy for solar UVR exposures in the first few months of life. We hypothesized that persons born just prior to summer, preceding the period of highest solar UVR exposures, would have an increased risk of CMM in later life. If confirmed, this would suggest that the first few months of life are an important period of UVR susceptibility, and would help target preventive interventions.
In addition to UVR exposure and genetic susceptibility, 7 other perinatal and familial risk factors for CMM have also been hypothesized, including high birth weight, [8] [9] older parental age, 8, 10 and early birth order. 8, [11] [12] Previous studies of these putative risk factors have yielded mixed results, due in part to differences in study design or sample selection, and insufficient sample sizes. Large population-based cohort studies have the potential to clarify these risk factors and improve the understanding of mechanisms involved in the development of CMM.
We conducted a national cohort study of 3.5 million people in Sweden to examine whether season of birth and other perinatal and familial factors are associated with CMM in childhood through young adulthood.
METHODS

Study Population
We identified 3,595,055 individuals in the Swedish Birth Registry who were born from 1973 through 2008. Month and day of birth information was complete for the entire cohort. We excluded 10,438 (0.3%) individuals who had missing information for birth weight, and 7,704
(0.2%) others who had missing information for gestational age at birth. To remove possible coding errors, we also excluded 5,339 (0.1%) others who had a reported birth weight more than four standard deviations (SD) above or below the mean birth weight for gestational age and gender based on a Swedish reference growth curve. 13 A total of 3,571,574 individuals (99.3% of the original cohort) remained for inclusion in the study. This study was approved by the Regional Ethics Committee of Lund University in Sweden.
Melanoma Ascertainment
The study cohort was followed for CMM incidence from birth through December 31, 2009 (maximum attained age was 37 years). All incident CMM cases were identified using the This registry includes all primary incident cancers in Sweden since 1958, with compulsory reporting nationwide. CMM subtypes that were sufficiently common for separate analysis were identified using standard ICD-O codes (8743 for superficial spreading melanoma, and 8721 for nodular melanoma). Information on Breslow's thickness (a prognostic indicator for melanoma) was unavailable.
Perinatal and Familial Variables
Perinatal and familial characteristics that may be associated with CMM were identified from the Swedish Birth Registry and national census data, which were linked using an anonymous personal identification number. 14 The following variables were examined as predictors of interest or adjustment variables: gender; birth year (modeled simultaneously as continuous and categorical [1973-1979, 1980-1984, 1985-1989, 1990-2008] 
Statistical Analysis
We explored different statistical models to identify the best fit to the data. Logistic regression was a good fit in all models using the Pearson chi-squared or Hosmer-Lemeshow tests. 15 In contrast, Poisson regression violated goodness-of-fit tests in all models; and Cox proportional hazards regression was a poor fit in most models, whereas it gave essentially identical results as logistic regression in others in which the proportional hazards assumption was satisfied. As a result, logistic regression was used in the final models to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for associations between the predictor variables and CMM.
Season of birth was modeled using standard methods for seasonal data. First, date of birth (DOB, coded as an integer from 1 to 365) was modeled as a sinusoidal function in the logistic regression model, using an iterative method to identify the peak date for CMM relative risk and to test for an overall seasonal association, as previously described. 16 In the case of a leap year, February 29 was recoded as calendar day 59 so that the respective year had 365 days.
Specifically, the trigonometric term entered into the logistic model was
where t max (the peak birthdate for CMM risk) was determined iteratively by finding the value from 1 to 365 that maximized the model coefficient. 16 After identifying the peak date in this manner, the 3-month period of maximum risk was identified by centering on this date.
Two different adjusted models were used: The first was adjusted for birth year, and the second was further adjusted for other variables that were found to be associated with CMM (gender, season of birth, parental country of birth, paternal education level, and family history of CMM in a parent or sibling). First-order interactions between gender or season of birth and other variables were explored using a likelihood ratio test. In addition, multinomial logistic regression was used to test for heterogeneity in the association between each risk factor and earlier-onset (age <15 years) vs. later-onset (age ≥15 years) CMM. We also repeated the same models described above to explore associations between perinatal or familial variables and the most common CMM subtypes (superficial spreading and nodular melanoma). All statistical tests were 2-sided and used an α-level of 0.05. All analyses were conducted using Stata version 13.0. in a sibling and earlier-onset (<15 years) vs. later-onset (≥15 years) CMM in the proband. We also found no evidence that the association between family history and CMM varied by whether the affected family member was male or female (P=0.86), or by whether the affected family member was the same or opposite sex as the proband (P=0.19).
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RESULTS
Among
Other risk factors for CMM in the fully adjusted model included female gender (2-fold risk relative to males), high fetal growth (P trend =0.02), high birth weight (P trend <0.001), high birth length (P trend =0.006), and high paternal education level (P trend =0.03) ( Table 2 , adjusted model 2). Risk of CMM also was lower among those who had 1 or both parents born outside of Sweden (and especially with a parent born outside of Europe, U.S., or Canada), relative to those whose parents were both Swedish-born (Table 2) . Only 3,317 (<0.1%) persons (and only 1 with CMM) had a parent who was born in Australia or New Zealand, which precluded separate analysis of this group.
High gestational age at birth was associated with CMM before but not after adjusting for covariates in the fully adjusted model (Table 2) . A modest trend of decreasing CMM risk by later birth order was also noted (P trend =0.07; Table 2 , adjusted model 2). Multiple birth, maternal and paternal age, and maternal education level were not associated with CMM.
We found no interactions between gender or season of birth and any other variables with respect to CMM risk, including none directly between gender and season of birth (P=0.09).
Also, with the possible exceptions of season of birth and parental history of CMM (as noted above), there was no evidence of heterogeneity in the association between any other variable and earlier-onset (<15 years) vs. later-onset (≥15 years) CMM. 
DISCUSSION
In this large national cohort study, we found that the risk of CMM in childhood through young adulthood had a sinusoidal pattern by season of birth, with highest risk among persons born in spring (March-May). Because spring precedes the several month period of highest solar UVR exposure (the main known risk factor for CMM), these findings suggest that the first few months of life may be a critical period of UVR susceptibility for the development of CMM in later life. These findings have implications for the prevention of CMM through avoidance of direct sunlight exposures among infants, especially those <6 months of age or in high-risk families, consistent with current clinical recommendations. 18 We also found other risk factors for CMM, including family history of CMM, female gender, high fetal growth, and high paternal education level.
The only previous study of season of birth and CMM included 210 cases (ages 15 to 24 years) in northern England, and reported a sinusoidal variation among females only (P=0.03),
with peak risk for birthdates in March. 19 Relative risk estimates for the association between season of birth and CMM were not reported. Our larger national cohort study found that CMM risk was similarly highest among persons born in spring (March-May). However, this was found in the entire population, irrespective of gender, and across a wider age range. In addition, we found that spring birth was specifically associated with superficial spreading (but not nodular)
subtype. Because superficial spreading melanoma has been more strongly associated with sun exposures, 19-20 this finding also supports a solar UVR mechanism for the seasonal variation that we observed.
The link we found between spring birth and CMM is consistent with experimental evidence for the effects of UVR exposure in infancy. UVR is capable of directly stimulating melanin production in neonatal melanocytes or melanoma cells in vitro. 20 A pigmentation response to solar UVR exposure has also been observed in vivo in the first summer of life. 4 These effects may increase the risk of CMM in individuals who lack the protective mechanism of high basal concentrations of melanin. [3] [4] Our population-based findings support the hypothesis that early infancy is an important period of UVR susceptibility for the development of CMM.
Later sun exposure patterns and Vitamin D levels may modify these relationships and warrant further study to elucidate their relative influences.
We also found that high fetal growth was a risk factor for CMM in childhood through young adulthood. This is consistent with some 8, 22 but not all [9] [10] 23 previous smaller studies, most of which were case-control studies [8] [9] [10] or examined older adults. 21 The largest previous cohort study included 847 CMM cases in Denmark, and reported a modest positive trend for CMM risk by higher birth weight (RR per 500 g increase = 1.14; 95% CI, 1.00-1.31). 
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The strong associations we found with family history of CMM are consistent with earlier findings 28 and may reflect shared sun exposure patterns as well as possible genetic factors. An estimated 5% of all CMM cases occur in a familial setting with two or more close relatives affected, and susceptibility genes (e.g., CDKN2A and CDK4) have been identified in such families. 7 Consistent with other European studies and in contrast to Australia, New Zealand, or
North America, we found a higher risk of CMM among females, [8] [9] 28 likely related to gender differences in sun exposure patterns which vary across different countries. 1, 7 High paternal education level (an indicator of high socioeconomic status) was also a risk factor and may be related to more frequent recreational sun exposure. 7 We found a possible trend of decreasing CMM risk by later birth order, which is in the same direction as that reported in several other studies. 8, [10] [11] [12] 28 Various hypotheses have been proposed, including an immunoprotective effect resulting from earlier exposure to infectious agents from older siblings, 8 or decreased opportunities for recreational sun exposure in larger families. 28 In contrast to other studies, we found no relation between older maternal age and CMM in the offspring, 8, 10 or a lower risk among twins compared with singletons.
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Important strengths of this study were its population-based national cohort design and large sample size, enabling more robust and generalizable inferences. The use of season of birth as a proxy for UVR exposures in early infancy is a relatively novel approach to help elucidate a specific period of susceptibility. Linkage of birth and cancer registries provided detailed information on perinatal factors and CMM incidence that was nearly 100% complete nationwide. 33-34 A cohort design prevented selection bias that may potentially occur in casecontrol studies, and the use of registry-based data prevented bias that may result from selfreporting. Family history of CMM was also based on registry data with virtually complete ascertainment, thus improving the reliability of those risk estimates. CMM subtype information enabled exploratory analyses of the most common subtypes.
Study limitations included the unavailability of direct assessments of solar UVR exposures. The use of season of birth as a proxy for UVR exposures in the first few months of life is inherently imprecise and involves misclassification which is non-differential with respect to the outcome (CMM). Consequently, the reported risk estimates are expected to be conservatively biased toward the null hypothesis. The risk of CMM from actual solar UVR exposures in early infancy (i.e., with reduced misclassification) may be higher. Other seasonally varying environmental exposures such as infectious agents, however, also cannot be excluded as possible contributors to the seasonal patterns we observed. In addition, the specific comparisons in our analyses (e.g., cutpoints for season of birth groups) were data-determined, hence the findings should be interpreted with caution and will require confirmation in other large cohorts. 
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